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A 467-cm-long core from the inner shelf of the eastern Laptev Sea
provides a depositional history since 9400 cal yr. B.P. The history
involves temporal changes in the fluvial runoff as well as postglacial
sea-level rise and southward retreat of the coastline. Although the
core contains marine fossils back to 8900 cal yr B.P., abundant plant
debris in a sandy facies low in the core shows that a river influenced
the study site until »8100 cal yr B.P. As sea level rose and the
distance to the coast increased, this riverine influence diminished
gradually and the sediment type changed, by 7400 cal yr B.P., from
sandy silt to clayey silt. Although total sediment input decreased
in a step-like fashion from 7600 to 4000 cal yr B.P., this interval
had the highest average sedimentation rates and the greatest fluxes
in most sedimentary components. While this maximum probably
resulted from middle Holocene climate warming, the low input of
sand to the site after 7400 cal yr B.P. probably resulted from further
southward retreat of the coastline and river mouth. Since about
4000 cal yr B.P., total sediment flux has remained rather constant
in this part of the Laptev Sea shelf due to a gradual stabilization of
the depositional regime after completion of the Holocene sea-level
rise. C° 2001 University of Washington.
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Siberia.INTRODUCTION
The composition of sediments transported by major rivers into
the global ocean has been extensively investigated during the
past two decades (e.g., Degens et al., 1991). The Arctic Ocean
is of particular interest for such studies because it constitutes a340033-5894/01 $35.00
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All rights of reproduction in any form reserved.rather enclosed system and is bounded by vast and shallow shelf
seas on the Siberian side. Modern sedimentary environments on
these Arctic Siberian shelves are controlled by sediment input
supplied by large rivers (Gordeev et al., 1996), marine biolog-
ical productivity (e.g., Grebmeier et al., 1995), and export of
sediments from the shelves by sea ice (Kempema et al., 1989;
Pfirman et al., 1997). Because of permafrost, ice-bearing sed-
iments are widespread in the northern Siberian lowlands and
islands. Where exposed in coastal areas these permafrost cliffs
are strongly affected by increased air temperatures during sum-
mer. Together with wave-generated erosional processes, thermal
erosion is therefore believed largely responsible for the rapid re-
treat of such coasts (Reimnitz et al., 1988; Are, 1999). To better
understand the long-term sedimentation regime and associated
processes in the Arctic Ocean, it is important to investigate the
areas of the Siberian shelves that link the Arctic Ocean with the
Siberian hinterland through large rivers. The Laptev Sea, with
its many rivers and open access to the Arctic Ocean, is suitable
for such a study (Fig. 1).
Long time series are available on Arctic Siberian river runoff
(e.g., Gordeev et al., 1996) which could be used to estimate the
present-day total delivery of sediment matter to arctic shelves.
However, to calculate the total burial of sediment or individ-
ual sedimentary components for the Laptev Sea shelf through
time (e.g., Stein and Fahl, 2000) seems more complicated for
several reasons. Not much is known yet about the actual river-
ine sediment load that finally reaches the shallow shelf. Further,
uncertainties exist with regard to the influence of sediment ex-
port off the Laptev Sea shelf by sea ice (Eicken et al., 1997),4
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FIG. 1. Bathymetric map of the Laptev Sea shelf, showing drowned river
valleys and the position of sediment core PM9462.
as well as the contribution of modern coastal erosion to the
shelf sedimentation (e.g., Are, 1999). Moreover, the shallow
Laptev Sea shelf was subaerially exposed during the last glacial
maximum (Svendsen et al., 1999) but later became inundated
rapidly. Because this marine transgression caused large areas to
change from land to sea (Bauch et al., 1999), a considerable
portion of the Holocene shelf sediments probably derived from
coastal erosion rather than fluvial runoff.
The purpose of this paper is to investigate various Holocene
sediment records from a high-resolution core on the inner eastern
Laptev Sea shelf. The AMS 14C chronology of the core allows
reliable calculation of shelf sediment budgets. Because of the
close land–shelf connection, the data not only provide a detailed
history of depositional regime but also contain information of
the general paleoenvironmental evolution in this region during
the Holocene.
ENVIRONMENTAL SETTING
In terms of land-to-shelf sediment transport, the modern
Laptev Sea stands out among other Siberian shelf seas because it
is influenced by five large rivers—the Lena, Yana, Olenek, An-
abar, and Khatanga (Fig. 1). These rivers supply organic mat-
ter and clastic sediment to the shelf during summer, after the
river ice breaks up and when the Laptev Sea becomes gradu-
ally ice-free for about two months (e.g., Alabyan et al., 1995;
Cauwet and Sidorov, 1996; Ivanov and Piskun, 1999; Rachold
and Hubberten, 1999). Various biological, micropaleontologi-
cal, and sedimentological data obtained from the seafloor reflect
inputs of river water and sediment (Kassens et al., 1999; Bauch
et al., 2000). Geochemical tracer studies show that fluvial trans-S IN ARCTIC SIBERIA 345
port pathways follow the submarine valleys that extend onto the
shelf from the river mouths (Ho¨lemann et al., 1999; Stein and
Fahl, 2000).
Among the five rivers, the Lena River discharges the great-
est amount of water annually (Gordeev et al., 1996), about 20
times more than the Yana River. However, in suspended sedi-
ment concentration the Yana exceeds the Lena by as much as 25
times during high-water stages of early summer (Alabyan et al.,
1995; Rachold and Hubberten, 1999). Grain-size distribution
of the suspended particulate matter (SPM) shows no significant
difference between the Lena and Yana Rivers (Rachold, 1999).
According to Rachold (1999), between 2 and 10% of the total
riverine SPM is organic. The input of SPM onto the shelf may
increase substantially during river ice breakup in late spring
(Telang et al., 1991; Cauwet and Sidorov, 1996).
Much of the Laptev Sea becomes ice-free in August and
September. This condition is due largely to southerly winds that
drive northward not only the sea ice but also riverine water, which
is warmer than the marine water (e.g., Pavlov et al., 1996).
Most of the sediment deposition on the shelf is concentrated
in the submarine valleys, which were partly filled with Holocene
sediments when the shallow shelf became flooded during global
sea-level rise after the last glaciation (Holmes and Creager, 1974;
Kleiber and Niessen, 1999). The postglacial sea-level rise di-
minished sedimentation on the outer shelf of the Laptev Sea, as
shown by radiocarbon-dated sediment cores from various water
depths (Bauch et al., 1999). Little of the late Holocene is well
resolved in cores from water depths greater than 40 m. Thick
sediment sequences from the late Holocene are close to terres-
trial sediment sources, such as the modern river mouths and
coastlines (Kuptsov and Lisitzin, 1996).
METHODS
Core Site and Sedimentary Studies
Vibrocore PM9462 (73–30.20N, 136–00.30E) was raised from
27 m water depth in the submarine Yana Valley, the easternmost
channel found on the Laptev Sea shelf (Fig. 1). Apart from the
lower core section, most of the 467-cm-long sediment section is
composed of uniform, nearly black, clayey silt (Fig. 2). Clayey
silt is a typical grain size found in surface sediments of the
eastern Laptev Sea (Lindemann, 1995). The black color is typical
of sediment in the Laptev Sea and probably due to high organic
content (Bauch et al., 1999; Fahl and Stein, 1999).
Measurements of –13C of the organic sediment fraction show
that much of the total organic carbon (TOC) in Laptev Sea sed-
iments is of terrestrial origin (e.g., Bauch et al., 1999). Conse-
quently, TOC accumulation rates may give some indication of
terrestrial or riverine input through time (Stein and Fahl, 2000).
Our TOC measurements were made at 10-cm intervals using
a LECO CS-125 analyzer. In addition to these bulk geochem-
ical analyses, variations in the sand-size fraction (% weight)
were noted because they may reflect changes in the depositional
environment.
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FIG. 2. Records from core PM9462 versus depth and age. (A) Original
radiocarbon ages and the reservoir-corrected age model as calculated in cal yr
B.P. (gray line). (B) Lithology as represented by sediment density, sand content,
and visual core description.
Micropaleontological Studies
Microfossil groups such as diatoms (opaline) and aquatic pa-
lynomorphs (organic-walled) have helped to show how fresh-
water discharge affected marine waters of the Laptev Sea (Bauch
et al., 2000). These microfossils, along with terrestrial paly-
nomorphs (i.e., pollen and spores), are common in the sea’s
inner-shelf sediments. Their distribution in surface sediments
mainly reflects the general pattern of fluvial runoff (Naidina and
Bauch, 1999). Because organic-walled organisms are preserved
in organic-rich sediments of the Laptev Sea, remains of marine
dinoflagellate cysts and freshwater chlorococcalean algae can
provide important information on past changes in surface water
masses (Bauch et al., 2000).Aquatic palynomorphs were studied at about 20-cm depth in-
tervals, whereas the terrestrial palynomorphs were investigatedET AL.
at 10-cm steps. To examine the organic-walled palynomorphs
in core PM9462, samples were freeze-dried prior to further pro-
cessing. Following standard palynological preparation methods,
the samples were treated with acid (HCl, HF) to dissolve car-
bonates and silicates. Standard tablets containing Lycopodium
clavatum spores were added to show the concentration of organic-
walled microfossiliferous specimens per gram of dry sediment
(Stockmarr, 1971).
Dating and Flux Calculation
The chronology of core PM9462 is based on 12 radiocarbon
ages measured on bivalve species Portlandia arctica (Table 1) by
means of accelerator mass spectrometry (AMS). Reservoir ages
were determined from shells of bivalves collected alive from the
floor of the Laptev Sea (Table 2). The average of these reservoir
ages is 370§ 49 14C yr B.P. To convert from radiocarbon years
to calendar years (cal yr B.P.), we used the intercept method in
Calib 4.3 (Table 2).
We assumed linear sedimentation rates to calculate ages be-
tween the age tiepoints. To correct for compaction, the dry bulk
density (g/cm3) was determined at 5-cm intervals. Following
standard methods (van Andel et al., 1975; Ehrmann and Thiede,
1985), these data were then used to compute total sediment ac-
cumulation as well as fluxes of individual sedimentary compo-
nents. To estimate uncertainty in total sediment flux, total error
was calculated from the 1¾ errors in radiocarbon analysis, reser-
voir correction, and calendar year calibration.
TABLE 1
Radiocarbon Ages of Prebomb Bivalve Shells and Reservoir Age
Determination for the Laptev Sea
Time of Tree-ring Radiocarbon Reservoir
collectiona ageb (14C age (14C yr agec (14C yr
Lab. No. Species (yr A.D.) yr B.P.) B.P.) B.P.)
AARa-2769 Nuculana 1937 155§ 12 495§ 40 340§ 42
pernula
AAR-2770 Nuculana 1901 77§ 11 615§ 45 538§ 46
pernula
AAR-2772 Portlandia 1937 155§ 12 500§ 60 345§ 61
arctica
AAR-2773 Leionucula 1937 155§ 12 485§ 50 330§ 51
belotii
AAR-2774 Leionucula 1937 155§ 12 450§ 45 295§ 47
belotii
a Bivalves were collected alive during Russian expeditions RV Zarya (1901),
RV Sedov (1937), and RV Sadko (1937) and stored in formaldehyde solution at
the Zoological Museum in St. Petersburg.
b Ten-year average age prior to collection year calculated from the one-year
data set, file Uwsy98 (Stuiver and Braziunas, 1993; Stuiver et al., 1998b), to
compensate for inferred maximum life span of bivalve.c Subtraction of tree-ring age from radiocarbon age (Stuiver et al., 1986).
d AAR D Aarhus University.
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TABLE 2
Radiocarbon Age Analyses of Core PM9462 as Calculated from the Program Calib 4.3 (Stuiver et al., 1998a)
Depth in core Radiocarbon age Reservoir-corrected ageb Age range at 1 sigma
Lab No.a Species (cm) (14C yr B.P.) (14C yr B.P.) Age used in age model (cal yr B.P.) (cal yr B.P.)
KIA-3137 P. arctica 5 ¡720§ 20 0 0
AAR-2702 P. arctica 27.5 900§ 55 530§ 74 530 594–489
KIA-3138 P. arctica 90 2090§ 30 1720§ 57 1700 1781–1621
KIA-3139 P. arctica 120 2680§ 30 2310§ 57 2356 2471–2329
AAR-2703 P. arctica 157.5 3235§ 65 2865§ 81 3090 3207–2961
KIA-3140 P. arctica 195 4050§ 40 3680§ 63 4118 4216–4039
AAR-2704 P. arctica 240.5 4620§ 65 4250§ 81 4850 4960–4805
AAR-2705 P. arctica 269.5 5060§ 70 4690§ 85 5460 5565–5317
KIA-3141 P. arctica 315 5920§ 40 5550§ 63 6353 6417–6287
AAR-2706 P. arctica 348.5 6480§ 75 6110§ 90 7000 7150–6887
AAR-2707 P. arctica 405.5 7120§ 75 6750§ 90 7610 7679–7554
KIA-3142 P. arctica 445 8350§ 50 7980§ 70 8900 8954–8819a KIA D Kiel University; AAR D Aarhus University,
b 14 d from Table 1.Corrected with an average reservoir age of 370 § 49 C yr B.P. as compute
RESULTS
Chronology and Downcore Changes
Measured ages from core PM9462 extend from the present
to 8900 cal yr B.P. (Table 1). By extrapolation of the average
sedimentation rate between the two oldest radiocarbon ages, the
age of the lowermost sample used is »9400 cal yr B.P. (Fig. 2).
A modern age (i.e., younger than A.D. 1950) is assumed for
the uppermost 5 cm because postbomb carbon was detected at
5-cm core depth. Depending upon the specific sample intervals,
the average time resolution of the various records ranges from
approximately 104 to 391 cal yr.
Sand makes up <10% of most of the core but ranges from
20 to 35% in the lowermost 40 cm (Fig. 2). This sandy section
is characterized by detrital peat clasts up to several centimeters
long and by smaller plant fragments. Terrestrial plant material
seems particularly abundant in the lowermost 20 cm of the core.
Dry bulk density decreases gradually up the core and shows no
apparent discontinuity at the upward transition from the sandy
facies to the clayey silt facies (between 420 and 380 cm core
depth). Although bioturbation cannot be disregarded, this tran-
sition between the two facies probably reflects a gradual change
in depositional conditions over several hundreds of years rather
than an abrupt change.
The mollusk found lowest in the core (at 445-cm core depth)
was a specimen of paired valves of Portlandia arctica. This
infaunal species is abundant today in low-salinity and shallow
parts of the eastern Laptev Sea (Sirenko et al., 1995). However,
no other biogenic calcite was found in this sandy section, and
other marine calcareous fossils, such as the benthic foraminifer
of the genus Elphidium, were not found below 430-cm core
depth, where the age is »8410 cal yr B.P.Trends in the Proxy Records
The relatively uniform deposition inferred from the density
data is consistent with the calculated sedimentation rates (Fig. 3).
For example, the average rates of about 50 cm/1000 cal yr
for the past 3000 cal yr resemble the average for the entire
core.
The lowest sedimentation rates are from the core interval
having high content of sand. Moreover, the highest sedimen-
tation rates (between 7600 and 7000 cal yr B.P.) correspond
to high concentrations of terrestrial and aquatic palynomorphs,
high TOC values, and low sand content. This latter combination
implies not only a varying sedimentation rate but also a change
in processes that controlled deposition at the site.
While trends in aquatic palynomorphs and sand content differ
during the first 2500 cal yr of the record, they are similar after
6500 cal yr B.P. In contrast, the terrestrial palynomorphs, espe-
cially the pollen, mimic the TOC record by increasing slightly
throughout the period of record.
CHANGES IN FLUX
Ages from core PM9462 allow fluxes to be computed for the
various sedimentary components investigated (Fig. 4). However,
because the sediment density varies little, small changes in the
computed sedimentation rate can produce large changes in flux.
Along with uncertainties from radiocarbon analysis and calibra-
tion (Fig. 3), sedimentation rates may also contain errors from
vertical displacement of the dated shells. For example, it is not
clear whether the spike in sedimentation rate between 7600 and
7000 cal yr B.P. (Fig. 4A) reflects a real change in sedimenta-
tion rate or the effects of bioturbation. However, three biological
indicators of fluvial input—chlorococcalean freshwater algae,
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FIG. 3. Records of sedimentary components from core PM9462. (A) Sedimentation rates and sand content. (B) Concentrations of terrestrial palynomorphs
(pollen and spores). (C) Concentrations of aquatic palynomorphs (marine dinofl
content and sediment density.
pollen, and spores—also peak during this interval (Fig. 3). This
coincidence implies that the spike in sedimentation rate repre-
sents a real depositional event. Nevertheless, the flux records
are less certain where the computed linear sedimentation rates
cross major lithological boundaries, such as the transition from
the sandy to the clayey silt facies (Fig. 3).
According to data from other cores at intermediate water
depths (»50 m) in the Laptev Sea, the late Holocene sea-level
highstand decreased sedimentation rates and increased the de-
position of marine organic matter on the middle and outer shelf
FIG. 4. Holocene flux records of the individual sedimentary components in core PM9462 since 9400 cal yr B.P. (A) Total sediment (shaded gray represents 1¾
tal sediment flux in the Holocene thus decreased in a step-like
manner.error) and sand. Vertical bars indicate intervals for which average sedimentation rate
algae. (C) Pollen and spores. (D) Total organic carbon and total sediment (smoothagellate cysts and freshwater chlorococcalean algae). (D) Total organic carbon
(Bauch et al., 1999; Mueller–Lupp et al., 2000). Decreasing
fluxes of freshwater aquatic palynomorphs after »6500 cal yr
B.P., as well as the decline in sand »7400 cal yr B.P. (Fig. 4),
show that the input of sediment to the site diminished during the
Holocene and that this reduction most likely resulted from the
southward retreat of the coastline. However, computed sedimen-
tion rates are higher for the interval from 7600 to 4000 cal yr
B.P. (the middle Holocene) than for later in the Holocene. To-s were calculated. (B) Marine dinoflagellate cysts and freshwater chlorococcalean
ed).
THOLOCENE SEDIMEN
Compared with the other sedimentary components, fluxes of
TOC and terrestrial palynomorphs remained nearly constant af-
ter 6500 cal yr B.P. This contrast is best explained by the dif-
ferent hydrodynamic behavior of fresh and colloidal particulate
organic matter in comparison with heavier clastic sediment par-
ticles (Smith and Alsdorf, 1998).
The relatively high and consistent fluxes of TOC and terres-
trial palynomorphs during the last 6500 cal yr show that much
of the organic matter has of terrestrial origin. Other geochemi-
cal studies also show a dominantly terrestrial component in the
organic compounds of Laptev Sea sediments (Fahl and Stein,
1999; Mueller–Lupp et al., 2000). Because marine productivity
on Arctic Siberian shelves is low (Grebmeier et al., 1995), rapid
decay of the fresh and labile marine organic matter may further
increase the proportion of older terrestrial organic matter, which
tends to be more resistant to decay.
Previous radiocarbon measurements of bulk TOC in surface
sediments from the Laptev Sea gave ages between 2000 and
14,000 cal yr B.P., with most dates between 9000 and 7000 cal
yr B.P. (Kuptsov and Lisitzin, 1996). These ages suggest that
old organic matter forms a large fraction of the TOC in Laptev
Sea sediments.
COASTAL EROSION VS. RIVERINE INPUT
The two largest rivers that feed the eastern Laptev Sea, the
Yana and Lena rivers, both terminate today in deltas. In the
Siberian Arctic, depending on the relief of the hinterland and
type of river mouth (delta or estuary), much riverine sediment
may remain within the deltas or lowlands instead of reaching
the shelf (e.g., Smith and Alsdorf, 1998; Ivanov and Piskun,
1999). Of the total input of sediments to the Laptev Sea shelf, the
fluvial fraction was probably smaller before the Holocene sea-
level highstand than afterward, because much additional sedi-
ment probably resulted from shoreline erosion as sea level rose.
Even after the sea-level highstand was reached, the depositional
system on the shelf probably took time to stabilize. Such a lag
may be the main reason why steady fluxes of total sediment did
not begin until »4000 cal yr B.P. (Fig. 4).
In contrast to the relatively stable sedimention regime dur-
ing the late Holocene, the more variable fluxes before
4000 cal yr B.P. can be partly attributed to rising sea level.
As can be assumed from the shelf bathymetry, the southward
transgressing sea always affected sedimentation first in the now
submerged river valleys and then on topographic highs, which
became islands or peninsulas until removed by erosion (Fig. 1).
Composed of sand with abundant peat but no marine biogenic
material, the lowermost sediments in core PM9462 imply a near-
coastal, high-energy depositional regime, affected by fluvial dis-
charge. The change to a more marine environment did occur
between »8900 and 8400 cal yr B.P., as shown by the first oc-
currences of the low-salinity tolerating bivalve P. arctica and
benthic foraminiferal species.S IN ARCTIC SIBERIA 349
As the sandy facies was superseded by finer grained de-
posits, marine conditions at the study site became fully estab-
lished sometime between 8100 and 7400 cal yr B.P. (Fig. 3).
This change implies a southward retreat of terrestrial sediment
sources away from the study site. The decrease in sand after
7400 cal yr B.P., together with a similar decrease in the abun-
dance of mainly freshwater aquatic palynomorphs, further sug-
gests a diminishing input of material from terrestrial sources.
PALEOENVIRONMENTAL IMPLICATIONS
Because all major lithological and paleoecological changes
occurred early in the records of core PM9462, we believe that
the major flux increases that commenced at »7600 cal yr B.P.
(centered at 7300 cal yr B.P.) resulted from an overall change
in climatic boundary conditions rather than just the proximity
to wave-generated erosion directly induced by the transgres-
sion. A widespread vegetational change occurred in the Siberian
Arctic tundra during the early postglacial phase (Khotinsky,
1984; Hahne and Melles, 1999). This change is also recorded in
the onset of increased accumulation of peat that overlies many
of the late Pleistocene ice-bearing cliffs in the eastern Lena
Delta region. The peat has yielded average basal ages around
9000 cal yr B.P. (L. Schirrmeister, personal communication,
2000). A similar age is recorded for the onset of northward ex-
pansion of the tree-line into the lower Lena Delta region (Laing
et al., 1999). We interpret the occurrence of abundant peat clasts
in the lowermost section of core PM9462 as evidence for this
early Holocene change in vegetation, and for proximity to the
coastline at this time.
Climatic warming in the early Holocene, when mid-summer
insolation reached its peak in the high Arctic, thus initiated a
change in the hydrological situation and soil development on
land. This change probably also caused enhanced riverine runoff
and/or erosion that could explain the high sedimentation rate that
persisted in core PM9462 from 7600 to 4000 cal yr B.P. (Fig. 4).
This inferred increase in river activity may correlate with the
period for which pollen and organic runoff data indicate warmest
conditions, with a fully developed forest just south of the Lena
Delta (Laing et al., 1999; MacDonald et al., 2000). According
to models derived from pollen records, this forest expansion was
associated also with enhanced precipitation in northern Siberia
(Monserud et al., 1998; Kerwin et al., 1999).
Because the Laptev Sea shelf was already largely inundated
during the middle Holocene (Bauch et al., 1999), it can be ex-
pected that sea-ice cover vanished during peak arctic summer
months, as it does today. This seasonal sea-ice reduction is forced
by summer atmospheric circulation (southerly wind regime) and
by input of riverine waters that are warmer and more nutrient-
rich than shelf waters (Pavlov et al., 1996; Barreis et al., 1999;
Pivovarov et al., 1999). Thus, the more benign climatic condi-
tions in the middle Holocene favored both marine and terrestrial
bioproductivity and can partly explain the increased accumula-
tion of organic matter on the shelf during this time (Fig. 4).
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The relatively low but constant fluxes of TOC and total sedi-
ment noted since about 4000 cal yr B.P. imply a stable deposi-
tional environment. However, the slight but consistent decrease
in the flux of algae remains during this time may signify cool-
ing. Late Holocene cooling has been inferred from pollen records
from a coastal lake beside the Laptev Sea (Laing et al., 1999).
SUMMARY
By investigating the depositional regime on the Siberian
shelves from a glacial period with lowered sea level to an in-
terglacial warm phase such as the Holocene and high sea level,
we aimed to learn more about the processes of land-to-ocean
sediment transport in the high Arctic. Our sediment core from
the shallow Laptev Sea shelf provides a first detailed history
of the Holocene deposition in an arctic region that is presently
affected by (1) annual pulses of riverine runoff carrying clastic
sediments and other terrestrial matter onto the shelf, (2) erosion
of labile ice-bearing permafrost coasts, and (3) long seasonal
sea-ice coverage.
Twelve radiocarbon ages of bivalves yielded an average sed-
imentation rate of »50 cm/1000 cal yr for the past 9400 cal yr.
The chronology of the core allowed calculation of various flux
records that reflect the regional environmental changes during
the Holocene. The depositional history has three major phases:
1. 9400 to 8100 cal yr B.P.: Sandy silt with abundant peat
and plant debris, but no marine fossils during the first 500 cal yr,
accumulated in a near-coastal, possibly fluvial depositional en-
vironment. The sand content remained high until »8100 cal yr
B.P., probably due to the proximity to a high-energy coastal
sedimentation regime. The brackish-tolerant bivalves appeared
»8900 cal yr B.P. and benthic foraminifera some 500 cal yr later.
2. 8100 to 4000 cal yr B.P.: Although relative sand con-
tent steeply decreased from 8100 to 7400 cal yr B.P., fluxes
of all other sedimentary components peaked between 7600 and
7000 cal yr B.P. Although this maximum may be partly an arte-
fact of the age model, average fluxes of most components re-
mained on a relatively high level until »4000 cal yr B.P., most
likely as the result of high river runoff rates and a relatively
warm and moist climate in northern Siberia during the mid-
dle Holocene. However, freshwater algae and sand content de-
creased slightly but continuously after »7000 cal yr B.P., prob-
ably due to a further southward retreat of the coastline relative
to the core location.
3. 4000 cal yr B.P. to present: Total sediment flux stabilized
during the lake Holocene as the depositional regime reached
an equlibrium after completion of the Holocene sea-level rise.
However, the weight percent of TOC increased after 5000 cal
yr B.P. while TOC flux remained stable after 4000 cal yr B.P.
This difference may have been caused by a relative change in the
inputs of terrestrial and marine organic matter. While fluxes of
pollen and spores went unchanged, there was a decrease in the
flux of aquatic algae, especially in marine dinoflagellate cysts.ET AL.
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